The tannuolinid Micrina belongs to the tommotiids-a common and widely distributed, but poorly understood, group of Early Cambrian fossil metazoans with multiple external organophosphatic sclerites. Recent findings of sessile articulated tommotiid scleritomes indicate that previous reconstructions of tommotiids as sluglike bilaterians with a dorsal cover of sclerites require detailed re-evaluation. Comparative ultrastructural work has already indicated that the tommotiids might be a sister group to the Brachiopoda, with Micrina representing the most derived and brachiopod-like bimembrate tommotiid. Here we further develop and strengthen this controversial phylogenetic model with a new reconstruction of Micrina, where the two types of sclerites-mitral and sellatebelong to a near bilaterally symmetrical bivalved sessile organism. This new scleritome configuration was tested by recreating an articulated bivalved Micrina from isolated mitral and sellate sclerites; both sclerites have muscles that would have enabled movement of the sclerites. The mitral and sellate sclerites of Micrina are considered to be homologous with the ventral and dorsal valves, respectively, of organophosphatic linguliform brachiopods, indicating that a simple type of filter-feeding within an enclosed bivalved shell had started to evolve in derived tannuolinids. The new reconstruction also indicates that the phylogenetic range of 'bivalved', sessile lophophorates is larger than previously suspected.
INTRODUCTION
The biological affinities of Cambrian 'small shelly fossils' (SSFs) remain problematic since they are largely only known from isolated sclerites (Bengtson 2005) . Only a few exceptionally preserved SSFs display articulated scleritomes with preserved softbodied organisms. The most important of these is
Halkieria from the Lower Cambrian Sirius Passet Lagerstätte (Conway Morris & Peel 1995) .
The highly variable organophosphatic sclerites of tommotiids are typical SSFs and they represent some of the earliest mineralized metazoans in the fossil record (Qian & Bengtson 1989) . Until recently, no exceptionally preserved tommotiids have ever been discovered, and their phylogenetic position has thus proven difficult to assess. As a result, most workers have tended to use Halkieria as a model when attempting to reconstruct tommotiid scleritomes (see review in Li & Xiao 2004, fig. 3 ).
The first articulated tommotiid scleritome has been recently described by Skovsted et al. (2008) , who showed that Eccentrotheca consisted of individual sclerites fused to form a tapering tube-shaped skeleton with an inclined apical aperture and a circular to subcircular cross section. Individual Eccentrotheca sclerites grew by basal and marginal accretion and were successively fused to form a more rigid, tubular structure that was evidently attached to a hard, irregular substrate resulting in the irregular shape of the margin of the apical aperture. Skovsted et al. (2008) proposed that the Eccentrotheca animal most likely represented a sessile, vermiform filter feeder within the lophophorate (phoronid-brachiopod) clade. The scleritome of the sessile Eccentrotheca indicates that other reconstructions of tommotiids as slug-like bilaterians should be re-examined.
THE BIVALVED SCLERITOME OF MICRINA
The gross morphology and shell structure of the bilaterally symmetrical bimembrate (two-valved) tannuolinid Micrina was described by Laurie (1986) , and Li & Xiao (2004) . Micrina has two types of organophosphatic scleritesmitral and sellate-that both show basal and internal accretionary growth (figure 1). The shell structure of Micrina includes stratiform laminae that are perforated by striated setigerous tubes that open at the surface figure 1b-e) . In Micrina, the openings of setal tubes in the sellate sclerites are more evenly spaced and numerous as compared with the mitral sclerites, where they mostly occur in separate arcuate bands across the shell (Williams & Holmer 2002, text- fig. 1 ; figure 2e-i ). proposed that the bimembrate scleritome of Micrina could be reconstructed, based on the Halkieria model, with the two sclerites occupying an anterior and posterior position on a slug-like bilaterian.
The scleritome of Micrina, as here reinterpreted, consists of two opposing sclerites, one mitral and one sellate that in life position were oriented with the apices directed towards the substrate. This scleritome configuration was tested by gluing together a mitral and a sellate sclerite of similar size and shape (figure 2). In the artificially produced Micrina scleritome, the growing margin of the deltoid area in the mitral sclerite is horizontally aligned with the edge of the sellate duplicature, a configuration that aligns the apophyses of the mitral sclerite with the paired muscle scars of the sellate sclerite. The model shows that the triangular sellate sclerite can be fitted within the triangular opening in the mitral sclerite defined by the deltoid and perideltoid areas (figure 2). The opening between the mitral deltoid and the sellate duplicature probably contained a non-mineralized, pedicle-like attachment organ, and the sellate duplicature can be regarded as homologous in function and position with the dorsal pseudointerarea of organophosphatic linguliform brachiopods; moreover, the laterally inclined edges of the duplicature correspond to the linguliform propareas, which in Micrina are provided with a row of marginal setigerous tubes (figure 1e,f ).
In the artificial reconstruction, the alignment of mitral and sellate sclerites in Micrina would not produce a closed chamber (figure 2). Long setae emerging from the numerous setal canals in the sellate sclerite may have filled a role in protecting the filtration chamber, which was housed mainly within the deeply concave mitral sclerite. It is likely that normal follicular mantle setae may have also been present, as indicated by brachiopod-like mantle canals with vascula terminalia in the mitral sclerite (figure 1c). Unlike the penetrative setae, the follicular setae were probably movable and could have further protected the filtration chamber (figure 2e). The alignment of the mitral apophyses and the sellate muscle scars would make muscular attachment of the two sclerites possible and-combined with a coelomic hydraulic opening mechanism (cf. Trueman & Wong 1987 )-could be used for moving the sclerites and the penetrative setae (figure 2e). The function of the apophyses has previously remained problematic (Li & Xiao 2004 ), but they can now be regarded as muscle platforms.
Support for the sessile and 'bivalved' nature of the Micrina scleritome comes also from the close similarity in differential preservation of mitral versus sellate sclerites in comparison with the ratio of ventral versus dorsal valves reported in Palaeozoic brachiopod assemblages (Holland 1988; Velbel & Brandt 1989) . Sclerites of Micrina etheridgei from Lower Cambrian units of the Flinders Ranges are most abundant in moderate to high energy skeletal grainstones and packstones from shallow water environments centred on bioherms ( James & Gravestock 1990; Gravestock & Cowley 1995) . In most of these environments, the smaller, thinner and lower relief sellate sclerites tend to be preferentially fragmented, destroyed and/or transported, with considerable variation in sclerite ratios from horizon to horizon (table 1) inhabiting similar environments (Holland 1988; Velbel & Brandt 1989) . Interestingly, in slightly deeper, subtidal and lower energy carbonate environments (Ajax Limestone), the average mitral : sellate ratio approaches the expected 1 : 1 ratio of a bivalved organism that has not suffered significant biostratinomic reworking (table 1) .
DISCUSSION
The proposed homology between the organophosphatic sclerites of Micrina and the valves of brachiopods ) was based mainly on the possession of shell-penetrating setal tubes in Micrina and the organophosphatic stemgroup brachiopod Mickwitzia (see also Skovsted & Holmer 2003; Balthasar 2004) . This hypothesis is supported by the finding of retained penetrative setal tubes within organophosphatic paterinid brachiopods ) and calcitic crown-group rhynchonelliform brachiopods (Jin et al. 2007 ). Potentially homologous shell-penetrating setal structures have also been recorded from other brachiopods (Williams et al. 2004; Holmer & Caron 2006) . The homologies between Micrina and brachiopods were questioned by Li & Xiao (2004) , mainly due to the problems in accommodating the merged sclerites of Tannuolina (Qian & Bengtson 1989; Li & Xiao 2004) within the reconstruction of . However, the merged pairs of sinistral and dextral mitral sclerites of Tannuolina (Li & Xiao 2004, figs. 5.2-5.4 ) form a sub-circular and bilaterally symmetrical composite sclerite where the two carinate sides (each with an internal ridgecarinae) face the same direction, and here we propose that the mitral sclerites of Micrina are probably homologous to this merged pair of mitrals with the deltoid area in Micrina corresponding to the combined carinate sides in Tannuolina. Tannuolina has bilaterally symmetrical sellate sclerites, which also sometimes merged in file, with one small sclerite fused onto the sellate side of a larger sclerite (Qian & Bengtson 1989, fig. 55 ; Li & Xiao 2004, fig. 4 .1, 4.2). Tannuolina is here regarded as a closely related sessile tommotiid.
The new reconstruction of the organophosphatic tannuolinid scleritome has important implications for understanding the origin of the bivalved organophosphatic linguliform brachiopod shell, and indicates that the phylogenetic range of 'bivalved', sessile lophophorates may be larger than previously suspected.
Using the cladogram of lophophorate relationships in Skovsted et al. (2008, fig. 3 ), the new results indicate that a sessile, tube dwelling life habit was ancestral for the phoronid-brachiopod clade. Characters including a sessile, brachiopod-like life habit with a 'pedicle', as well as filter-feeding within a more or less enclosed bivalved chamber, were developed at the base of the linguliform brachiopod stem. 
